Sediments from natural marsh and four microecosystem (MES) tanks were compared with reference to ATP, carbon content, and physical properties. Mean values for bacterial numbers and ATP were about twice as high in the MES, carbon content was slightly higher in the artificial systems, and the sediment of the MES was enriched for larger grain sizes and depleted of silt and clay. In the natural marsh sediment, ATP was strongly related (Pearson's correlation coefficient) to granulometric (or physical) factors, whereas ATP was related to biological factors in the MES. Approximately 61% of the variation in ATP concentrations in the marsh sediments could be accounted for by the parameters measured. Only half that amount could be explained on the basis of those same variables in the MES. Furthermore, one of the four tanks was significantly different from the other three in terms of ATP concentration, and an anomaly in respect to silt-clay content was demonstrated in another. Careful control and some type of equilibrating procedure will be necessary before the MES can be employed as replicate units.
Natural systems are difficult to control and/or manipulate experimentally; they are often too large, there are many uncontrollable variables, and the problem of environmental perturbation presents difficulties. Many of the problems can potentially be reduced by the use of artificial microecosystems (MES) as models for the study of the environment. Enclosure of the natural environment has been performed by using large plastic bags in the water column (2, 17, 19) , tanks (7) and deep tanks (21) , aquaria (5, 22) , bell jars (1, 9) , and carboys (16) . These systems have dealt mostly with water column organisms, especially phytoplankton. This paper reports on the biological and physical properties of sediment from artificial MES.
Outdoor tanks were constructed and maintained at the field laboratory facilities of the University of South Carolina (15) . Each of the four tanks contained marsh sod, accompanying vegetation, various macrofauna, and seawater. The sediment portion of each tank was described in terms of the levels of ATP, organic carbon, and bacteria, as well as in terms of its granulometric properties. In addition, the sediment from each MES was compared with that of other tanks and with natural marsh sediment.
MATERIALS AND METHODS MES. Four MES tanks (2.4 by 2.4 by 1.1 m) were constructed by using polyvinyl chloride sheets for the sides and concrete bottoms. Each tank was sodded with plots (approximately 0.3 m2 and 16 cm deep) of high marsh sediment and attending Spartina alterniflora and other vegetation. Seawater, pumped from a nearby salt marsh creek, was provided from a 900-gallon (ca. 3,406-liter) holding tank and released into the MES with a periodicity mimicking the tidal flux of the estuary (15) . The seawater was passed through a 2-mm screen before entering the tanks. The MES were open to the atmosphere and allowed to equilibrate for 1 year before this study.
Sampling. The MES and a natural marsh station, located adjacent to the area from which the sod was removed for the tanks, were sampled synoptically over a period of 1.5 years. Samples were obtained with a sterile hand-held corer (13 cm long and 3 cm in diameter) to a depth of 8 cm and subsequently subsampled in 2-cm intervals. The various parameters were measured in triplicate.
ATP extraction and quantification. The cold sulfuric acid-ethylenediaminetetraacetic acid method of Karl and LaRock (14) was employed to extract ATP from sediment organisms. Standards of reagent ATP were prepared in neutralized sulfuric acid-ethylenediaminetetraacetic acid. The efficiency of the extraction procedure was determined for each sediment type by processing samples of previously sterilized sediment that had been seeded with a broth culture of a gram-negative sediment bacterium. Equal volumes on July 6, 2017 by guest http://aem.asm.org/ Downloaded from of the culture were extracted in boiling tris(hydroxymethyl)aminomethane buffer (13) to serve as the control (11) . ATP was quantified by using the luciferin-luciferase system prepared from lyophilized firefly lanterns (FLE 50 Mean grain size within the MES was about twice that of the high marsh samples, and the silt-clay content was much lower in the MES sediment. The sediment collected from the tanks also demonstrated different sorting efficiency than that of the high marsh sediment.
The correlations among data obtained from the high marsh and the MES sediments are illustrated in Tables 2 and 3 . Water content of the sediment showed positive correlations with the measures of organic content in both sediment types (however, this relationship was much stronger in the MES); conversely, no significant correlations were evident between water content and the granulometric parameters. There was no significant association between percent water and bacteria in either sediment; however, total microbial biomass (ATP) showed a weak negative correlation with water content in the MES. Total volatile material in the MES was independent of granulometric properties but showed some relation to sediment properties in the high marsh.
The two environments exhibited marked differences when the biological parameters were considered. There was no significant correlation between the measures of organic content and either bacteria or ATP in the high marsh sediment; however, a weak negative correlation was observed between ATP and percent carbon in the artificial system. Similarly, no significant relationship was evident between bacteria and ATP in the high marsh sediment; however, there was a highly significant association between these two parameters in the MES. ATP in the high marsh was found to be significantly correlated with sediment properties (r = 0.539, s = 0.001 with grain size; r = -0.651, s = 0.0001 with silt-clay). The ATP-sediment relationships observed in the high marsh were not evident in the (Fig. 2) . In terms of grain size (outer square), all four MES were alike, and as a group they were different from the high marsh. Considering silt-clay content (internal triangle), the high marsh was different from all of the MES, whereas MES 1, 2, and 4 were similar. It should be noted that MES 3 was unlike the rest in terms of silt-clay content, but it was not the same tank that showed the anomaly in biomass.
DISCUSSION
The extraction of ATP from sediments is complicated by the association of the organisms with particles and the presence of organic and inorganic compounds that may interfere with quantitative procedures. In an attempt to overcome these problems, several extraction schemes have been developed by using two basic approaches: a boiling buffer (i.e., bicarbonate) or a cold solvent (i.e., H2SO4). Several authors have found that cold solvents, notably sulfuric acid, were more efficient than boiling buffer in sediments (3, 6, 14) . The efficiency of the acid extraction procedure used in this work showed a weak inverse relation with silt-clay content but was otherwise independent of sediment properties. A similar phenomenon was observed by Conklin and MacGregor (6), who employed a butanol-octanol extraction that showed no dependence on soil texture. A comparison between the sediments of the natural marsh and the sediments of the MES is not a simple one. The observation that the mean values of the various parameters measured in the enclosed MES differed from those encountered in the natural environment is not surprising (16) . However, two aspects are of special interest: granulometric parameters and ATP biomass measurements. The sediment of the MES was enriched for larger grain sizes and lower siltclay content. This was probably due to a washing-out effect, because the water entering the MES from the holding tank was relatively clean and free of fine particles. The flushing out of the silt-clay particles (smaller than 0.062 mm in diameter) from the sediment altered the systems by increasing the apparent mean grain size and the sorting efficiency. Likewise, the MES sediments had a higher biomass component as measured by ATP. The many reasons behind this observation are more obscure. There was a twofold increase in the bacterial population; however, one would not expect this increase to contribute substantially to the enhanced ATP levels. Preliminary observations (Reichgott, unpublished data) have indicated that the populations of fungi, both filamentous and yeastlike, were much higher in the MES than in the natural marsh. The number of copepods (a major contributor to sediment ATP) in the MES sediments was not significantly different than the numbers found in the high marsh (Coull, personal communication).
Differences in the means of the variables used to characterize the sediments were not the only indication of divergence between the two systems. There was also a marked change in the relationships among the various parameters as shown by both correlation and regression analysis. These observations indicate a fundamental change in the sediment environment of the MES from that of the natural system. MES offer advantages in experimental manipulation not available to investigators in the natural system; however, replicate artificial systems should be examined closely for similarities or differences (17) . The MES tanks employed in this study compared favorably in some respects, but, important discontinuities were observed. Particularly disturbing was the observation that the anomalies were found in different tanks. MES 1 was different with respect to percent carbon, MES 3 had a smaller silt-clay content, and MES 4 showed much higher values for both bacteria and ATP. From the observations reported in this communication, it appears that MES of the type used in this study must be controlled and monitored very carefully, especially with respect to the sediment load of water used to flood the artificial marsh. In addition, the similarities and differences among the systems should be checked closely before experimental perturbation of one or more tanks.
